This study is a first kinetic approach about the compost liquor treatment by activated sludge. This industrial wastewater is highly loaded in organic and nitrogen compounds (CODE12,000 mg L À1
INTRODUCTION
Wastewater treatment allows to reduce pollutant impacts on the environment. Nevertheless, the water treatment industry generates by-products like sludge of wastewater treatment plants (WWTPs) . Their recovery can be achieved with the composting process. This process favours organic compounds biodegradation like WWTPs sludge which can be mixed with green wastes. Biodegradation is ensured by microorganisms which are naturally in the wastes. Biological reactions produce a composting wastewater called ''compost liquor'' defined as the water which percolates through the waste windrows. This water contains many compounds: organic matter, inorganic matter (ammonia, metals) or gases in solution (H 2 S for example). With prior dilutions, compost liquor appears to be a valuable source of plant nutrients for horticultural or agricultural applications (Frederickson 1997) .
This wastewater can be highly variable according to the developed composting process and the management conditions. The active composting step can be made in a covered plant. In this case, the wastewater production is not dependent on precipitations. Aeration conditions (aspiration or blowing), waste humidity, waste porosity, composting duration or ratio between treated wastes can also influence the quantity and the quality of the produced effluents. For example, COD, NH 4 þ and BOD 5 concentrations are divided by 2, 3 and 4 respectively when the composting duration increases from 6 to 12 weeks (Frederickson 1997) .
Since two years composting centres, discharges are submitted to the French legislation (J.O.R.F. 2008). According to this legislation these wastewaters can be recycled on the site for watering or windrow humidification. Nevertheless, this solution is not always possible because of engendered smells. In this case, discharge standards have to be respected according to the French legislation.
A few studies dealing with treatment processes of composting liquor are presented in Table 1 .
The adsorption on zeolite reaches a maximum capacity of 15 mgN.g zeolite À1 (Liu & Lo 2001a ) and allows to reduce more than 90% of ammonia with optimum operating conditions: hydraulic retention time of 6 h maintained constant during 35 h (Liu & Lo 2001b) . Nevertheless, the yield is limited by competitive adsorption of cations. The most important of them is the potassium which is present in high concentration in the effluent (3,800 mg.L À1 ). Zeolite regeneration with NaCl was also studied. Ninety-five percent of ammonia ions are recovered (Liu & Lo 2001c) . But the problematic of ammonia treatment is only moved to the treatment of regeneration solution which contains a high ammonia concentration. The oxidation by the Fenton reaction is studied in order to remove organic matter. (Trujillo et al. 2006) . The compost liquor degradation was also studied by a biological process: the bioremediation on different materials (Savage & Tyrrel 2005; Tyrrel et al. 2008 ). Oversize appears as the best media, achieving a removal of 74% and 78% for BOD 5 and ammoniacal nitrogen, respectively (Savage & Tyrrel 2005 ) and more than 80% of ammoniacal nitrogen and until 92% of BOD 5 (Tyrrel et al. 2008) . Nevertheless, the oversize medium has a poor effect on COD removal (until 24%) because the majority of the COD in the compost liquor is not readily biodegradable (BOD 5 /CODo0.23). These studies suggest an interesting alternative for an economic biological treatment of compost liquors. But ammonia loads are very low. That's why this work deals with the ammonia biodegradation of a highly loaded composting wastewater (4,000 mgN.L À1 ). The aim of this study is to determine if the composting liquor can be treated in an urban WWTP without disturbing the non-acclimated microorganisms. The biodegradation reaction is the nitrification. In aerobic conditions, ammonia ions are oxidised in nitrite ions (nitritation) and then in nitrate ions (nitritation). These reactions are well known for the biodegradation of synthetic substrates (Hamoda et al. 1996; Dinc¸er & Kargi 2000; Zhu & Chen 2002; Carrera et al. 2004; Ling & Chen 2005; Isaka et al. 2007; Whang et al. 2009 ) but less studied in the case of real substrates (Gupta & Sharma 1996; Surmacz-Gorska et al. 1996) . According to the literature (Table 2) , the nitrification kinetics can be modelled by two classical models: MichaelisMenten (Equation (1)) and Haldane (Equation (2)) models.
The Michaelis-Menten model, improperly called Monod model in biological process engineering, considers the enzymatic reactions without inhibition phenomena while the Haldane model takes into account these phenomena.
with U: specific rate of ammonia oxidation
The interest of the Monod and Haldane models is to determine the biodegradation limits of the microoganisms for a specific wastewater and to highlight the inhibition phenomena.
Two units of U MAX are given in Table 2 : mg m À2 .d À1 and mgO 2 .L.h À1 . The first unit was used for biofilters where the area is an essential parameter. The second unit was employed because the nitrification monitoring was made by an oxygen uptake rate (OUR) measurement. These units are not similar to the others but the interest is rather to show the model which is used and the K S and K I values expressed with common units. The objective of this paper is to compare the ammonium oxidation rate according to the nature of the influent under identical operating conditions and to determine the adequate parameters of the biodegradation kinetic. The studied substrates are: (i) a real substrate (compost liquor), (ii) a synthetic substrate with the same COD and ammonia concentrations. The comparison between these two substrates allows to highlight the effects of the compost liquor complexity on the biodegradation kinetics.
MATERIALS AND METHOD

Experimental apparatus
Oxidation rate experiments are carried out in a batch reactor (Figure 1) . A known quantity of substrate, V SUB ¼ [5-200 mL], is added to 1.5 L of non-acclimated activated 
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Studied substrates
The real substrate comes from an industrial composting centre located in the South of France (Bouches-du-Rhô ne). The treatment capacity is about 30,000 tons per year of WWTP sludge mixed with green wastes and outputs of the screening of mature composted material. Volume ratio of mixing is 22/44/33% respectively. Active composting step is operated in a covered plant. Thus, precipitations have no influence on the compost liquor production. The high temporal variability of pollutant load (Table 3 ) and the high production variability (from 2 to 14 m 3 .d À1 ) are some characteristics of this wastewater. In order to work with a constant composition substrate (Table 4) during experimentation, the same raw compost liquor was used.
To consider the complex matrix of the real substrate (presence of toxic compounds and/or nitrification inhibitors), a synthetic substrate composed of C 6 H 12 O 6 and (NH 4 ) 2 SO 4 in tapwater with COD and ammonia concentrations similar to the real substrate was prepared (Table 4 ). Owing to the low phosphorus concentration in the real substrate and this nutrient being already in activated sludge (5 mgP.L À1 ), it has not been added in the synthetic substrate.
Method validation
Method of specific rate determination
The results of each batch experiment and so for each initial ammonia concentration [S] 0 give the variation of ammonia and nitrate concentrations during time. In first approximation, these variations are considered as linear. The calculation of each slope corresponds to the ammonia oxidation or nitrate production rates. Specific rate allows to overcome potential fluctuations of biomass quantity. Specific rates are obtained by dividing the oxidation or production rate by the MLSS concentration. So, one batch experiment represents one point in Figure 2 and Figure 4 . Knowing the ammonia oxidation rate and the nitrate production rate, the nitrite accumulation rate can be determined. Due to the instability of the ionic groups the nitrite concentration cannot be followed during time.
Reproducibility study
The reproducibility has been validated by determining three ammonia oxidation rates with similar operating conditions. An initial ammonia concentration of 75 mgNH 4 þ -N.L À1 710% was chosen. For each experiment, specific ammonia oxidation rate appears to be a constant: 0.0490 gN.gMLSS À1 .d À1 73.5%. The method can be considered as reproducible (uncertainty below 5%) in the temperature range of 18.572.5 1C. 
Stripping study
Nitrification reaction needs aeration but a physical chemistry elimination of ammonia ions by stripping could be induced. According to the pH of the solution, there is equilibrium between NH 4 þ and NH 3 in aqueous phase. There is also equilibrium between gas and aqueous phases for the NH 3 compounds.
NH þ 4ðaqÞ $NH 3ðaqÞ $NH 3ðgÞ
It is essential to quantify this phenomenon to take it into consideration during biodegradation kinetics. An experiment was carried out during 18 h with 50 mL of real substrate added to 1.5 L of water (V W ). Aeration was maintained at 90 L.h À1 . No significant variation of ammonia and nitrate is observed because the matrix is devoid of activated sludge. Nevertheless, a nitrification step can be suspected considering the low production of nitrate ions, from 0 to 0.5 mgN L À1 in 18 h. This variation is not significant with the ammonia monitoring due to the high concentration. The nitrification reaction could be attributed to bacteria which are naturally present in the wastewater. In fact, the bacterial content of compost liquor seems very complex and is not limited to the bacteria mentioned in Table 3 . As the matrix of real substrate is complex, the identification of all bacterial colonies is too difficult.
The absence of significant variation in ammonia concentration can be explained by the pH value. The initial pH of the aqueous phase, close to neutrality (Table 4) , stays below the pKa of NH 4 þ /NH 3 pair (pKa ¼ 9.2) during all the experiments because nitrification reaction acidifies the solution. NH 3 compound is in negligible quantity in aqueous phase and consequently in gas phase. Therefore, stripping phenomenon is negligible in the case of the chosen operating conditions. So the variations of NH 4 þ and NO 3 À will be only attributed to biological reactions.
RESULTS AND DISCUSSION
Study of ammonia oxidation
Synthetic substrate
Specific rates of ammonia oxidation (U AMMONIA ) were calculated for different ammonia concentrations (3) comes from Equation (1)).
Kinetic parameters were determined: 
Real substrate
As previously, the same experiments were carried out in the substrate concentration range S 0
( Figure 2b ). Contrary to synthetic substrate, the capacities of ammonia degradation by WWTP biomass are strongly affected by the increase of ammonia concentration. It's quite obvious that real substrate contains inhibitory compounds since biomass cannot maintain a high and constant oxidation rate. So, this kinetic can be described by a Haldane model which takes into account inhibition phenomena. The three-parameter model of Haldane (U MAX , K I and K S ) was fitted to the experimental data using Statistica 6.0 software. We worked on the Levenberg-Marquardt algorithm using 95% confidence intervals to minimise the sum of square of residuals. It is well known that the nonlinear optimisation procedure is strongly sensitive to the initial values and the variation intervals of the model parameters. For this reason, the research for the values of the kinetic constants was constrained within boundaries predetermined on the basis of the process knowledge and experimental data. The kinetic parameters are:
Then Haldane model is reported on Figure 2b . The low ratio K I /K S E2.2 is characteristic of a high inhibition of non-acclimated microorganisms. From kinetic parameters of Haldane model, the optimum substrate concentration can be determined. This concentration is defined as
In order to plan an efficient treatment process which can assure the degradation of the real substrate with non-acclimated sludge, substrate concentration has to be close to the optimum concentration. This allows to work at the highest specific rate of ammonia oxidation. Beyond [S] OPT , specific rate decreases from 0.073 to 0.010 d À1 whereas initial ammonia concentration increases from 20 to 380 mgNH 4 þ -N.L À1 . This decrease could be explained by two phenomena: inhibition by different compounds and/or inhibition by a substrate excess. Due to the high complexity of the real matrix, it is not easy to identify the compounds responsible for the inhibition. That's why the inhibition phenomena were described by the evolution of the ammonia oxidation rate and were representative to a inhibitor/ammonium ratio. If this ratio increased, the Haldane model would be probably applied but with different kinetic coefficients: the inhibition coefficient (K I ) should decrease. If the ratio tended to 0, the K I coefficient should increase and the model should approach the Monod model. The ratio inhibitor/ammonium has to be confirmed by other kinetic experiments carried out with different compost liquor samples.
Synthetic and real substrates comparison
The values of kinetic parameters are in good agreement with the literature (Table 2) for Monod and Haldane models. Nevertheless, for Monod model, U MAX value is in the low range compared to the other studies. In the presented studies, 62% follow a Monod model against 38% for a Haldane model. Studies don't make it possible to define clearly when each model is appropriate. In fact, Haldane model can be applied to synthetic substrates with a high ammonia load (Carrera et al. 2004) , to substrates which are biodegraded with non-acclimated sludge (Whang et al. 2009) or to real substrates (Surmacz-Gorska et al. 1996) . The Monod model is applied to substrates with a lower ammonia load (Dinc¸er & Kargi 2000; Zhu & Chen 2002; Ling & Chen 2005; Isaka et al. 2007) or to substrates which are biodegraded with acclimated sludge (Gupta & Sharma 1996; Whang et al. 2009) . In this paper, the Haldane model is applied to a real substrate with a complex matrix which is treated by non-acclimated sludge. This conclusion tends to confirm the results demonstrated in the literature. But, as this study shows, the Monod model could be applied to a synthetic substrate with a very high ammonia load and treated with non-acclimated sludge. Nitritation was studied and modelled for two substrates characterised by the same COD and NH 4 þ -N pollutant load.
The results comparison shows that the pollutant load is not the limiting factor of ammonia biodegradation in the real substrate. Some authors state that ammonia biodegradation could be affected by the presence of salts in the activated sludge (Dinc¸er & Kargi 2001) . But the real and synthetic substrates studied show a high salinity: conductivity of 25,000 mS.cm À1 and 18,000 mS.cm À1 respectively. The high salinity seems not to be responsible for the inhibition. So the ammonia oxidation could be affected by some other compounds. According to Hu et al. 2004; You et al. 2009 ). More complex compounds, resulting from biodegradation of green wastes or WWTP sludge, could also limit the reaction, like aromatic compounds or volatile fatty acids (Benmoussa et al. 1986; Eilersen et al. 1994) . In addition, nitrite ions which are produced can also be suspected to be an inhibitor. Qualitative and quantitative identifications of all these compounds are not easily feasible owing to real wastewater matrix which is very complex. So it is very difficult to clearly define the action of each compound.
Study of nitrate production and nitrite accumulation
The difference between the specific rate of ammonia oxidation and nitrate production allows to calculate the specific rate of nitrite accumulation. These three rates are presented in Figure 4a and which has an inhibitory effect on nitrite oxidising bacteria.
Compost liquor rejection in an urban WWTP
The minimum size of an urban WWTP in which the studied compost liquor could be treated was calculated. Some assumptions must be made. The average values (over 2 years) of flow (8 m 3 .d À1 ) and compost liquor composition (Table 4) were used. The calculation was made considering a classical WWTP fed with 650, 300 and 60 mg.L À1 of COD, BOD 5 and NH 4 þ , respectively. The assumption was that the compost liquor could be accepted in a urban WWTP if the WWTP feed was not disturbed by a variation of pollutant concentration beyond 5%. Consequently the treatment capacities of the WWTP were considered under 95% before the addition of the compost liquor. The WWTP was designed separately on three parameters: COD, BOD 5 and NH 4 þ . The results showed that the ammonia was the limitant parameter. So, to accept the compost liquor, the minimum WWTP size was about 50,000 p.e. With this WWTP size, COD and BOD 5 increases have a minimal effect on the feed: a concentration variation less than 2% was calculated. The rejection of the studied compost liquor could be carried out in a urban WWTP of 50,000 p.e. Nevertheless, the calculation was made with some assumptions. The rejection of an industrial wastewater in an urban WWTP is complex and must be studied for each case. 
